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Abstract of JP2000228656 
PROBLEM TO BE SOLVED: To provide an 
AFC circuit capable of performing the 
frequency error correction of a wider range 
including one sub-carrier interval or more. 
SOLUTION: In the OFDM(orthogonal 
frequency division multiplex) signals of a 
carrier number 2m for which a known pilot 
signal Is superimposed on the 2n-th carrier, 
repetitive signals obtained by equally dividing 
the pilot signals of one effective symbol period 
into 2n are held on a receiver side as the data 
of basic pilot signals, a complex correlation 
value with reception signals is calculated and 
the correlation peak value of the complex 
number of 2n times In one effective symbol 
period is obtained. By dividing the phase 
component of the correlation peak value by a 
basic pilot signal period, a frequency error is 
obtained. For the error, the phase change of 
the basic pilot signal period becomes 2n times 
of the sub-carrier Interval or less. Then, by 
correcting the carrier wave frequency of the 
receiver based on the detected error, the 
frequency error of one sub-carrier interval or 
more is detected. 
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hft#) $r;HV^7t:df^'JrSc2"'<7)OFpM (ISSJljS 
^^Pl^m) 1j^(7)^m^ (kiTOFDMH-^) 

fit. ^eDmmmmm^i:^mmm.m^iz^i-i>^^ 
^Hi-f-cj: *)m^mmLx^mm^<DK-^y<y h o f 

fi-f-SrfliS-r -S O F D MfSPIIl«& i: $:ii;t/i O F 

mm^v'i%ii>tifzmmm^cr,^-xj<y ko f d iwft-f- 
m>imi:noi>(7)x\ im^m<7)'p^mmi.i>zMLxm 

^^ajt-c. \m^m(r>^''bmmki.znLXiEc^^mL 

F D Mm^f.zmirh^mm^<r)mmmmii^i\:-^'rm 

mi\^-9tk\^^mx''i%^fi^imxj^%.cr>mmM'rf<^ 
^m^~'^m^^m%-th^tx\ H!JiB'<-^^^'>'Ko 
F D mm^iiZii^'rh^fmmco^t^mmimit-tii'^ 

izmtxmm^riy^im^mmmcommmmLirnjE 

Kn£!)DS:ilIS§-C-»tii $ iil, Ji««#4*- 4> Mien 

;<?;Ht-^aiE#Si: S-Mfiif S t trmmtT^ AFC 
HISS. 

«IIJT^ii§fL/C^N°'f D -y h ^ A- 'J T ( OT, n -y 



fit. ^<^^^^m^t:'pmmmm^^z^m-t^i-^ 

n^9u-v ^m^mm^X'^^tih^yr^) yy^ 

/"f^J-^iv^mi^b. ;L(^m^X''i^hfifzT'J'?)\^^ 

)vmm,zx *)mMm Lx^mm^(r>^-^^^y yof 
D Mm,^\.z^-thmMfm^^ t.. <^iHiKTi#^>it 

fz^mm^cr)^-:^^'^y ko f d Mft-^*-4.#Mjii?so 

x-^fi-f-^flp-r.& O F DMSPIUSSi: $:«i;t^cO F 

^ti^tmwmi<rym^zm^xm^^ti. msm^^ 

mm^x''i%(oixtzmMm^<n^-^^^y k o f d Mft-t 

^c:o^,^r^*^«»§^^f^H^^IB^^M n-y hfi^i:OraT-ffl 

^aj:'3-r-i.iE:7 ism^m.(r>^'^''mTim.{znL 

O b- ^' «^^i5#S-C^# 4>ix.SiEatXS iOig^BJc^^^O 
f d mm^i>zmfh^^^co^'\^mim.ifi^it-t-f^ 

z (DrnM^mx-MiH $ ti^mm^mwm^^'^mivyr 

^jy-/9r3-y'^<7)^m^M'km\i^\^. zc^mm^wM. 

•rs ^ D -y ^m^WE^Wib ^^m-h z t *#sti:-r 
^AFcmss. 

mmx'^^tLti^u\:i-/h^-r^jr mT. ^ux^y 

-^^^n y ^m^^mm^T^^^ti^^yyv y^'^ 
/^'j-^)v^m^^b. z(nmwkX'^hfift'f-J9)VA^ 

;Ht-^t J; 0 il3SaP t TltSJ^st^^'^^^^ K o f 

'DW%\,z^mth-mM%mmit. za^m^x-^hti 
fzMWef^<r>^-y^f^y k o f d Mft-^3&»^«^afc<^ 

x-^fi-tSrflp-r^ O F DMmPHIKi: S:fili.:tO F 
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m^^xi%(>tifzmmm^cr>K-:x.^'<y k o f d mii-^ 

^«!ajfc. ^^mcori^mmnzntxiEcommL 

:L(ri\^-9m^^n.x'%hfihW(f%<^wm^-^(r> 
w^'^-9m^'kimth .r t x\ mi<-x/<y h o 
F D Mm^iztn'fh=mM^commimmi}mt-^i'm 

fufm-nrnmrnm^mm l « commmmMi^zm tx 
:^)vm^WL^mt ^mm-th z t ^mwLt^^ a f c 

m^zi. ^t^ii^mMizX'^ xmmm^^mib:^ zt^ 
mLb-t^m^i. 2. 3c7)»,^-m*^ieKcoAFciHi 

[0001] 

i^com-tmm^m] ^^m^n. of dm (mis^m 

^-^'ig^i^Jl^ffljEt-i. A F c ( g«»igg^$ijtip ) HI 
mzm-ti>. 

[00023 

[ i^t^coim ];sfl]<7)ctot;. OFDM imij^xu , 
mmmmt^mmmtcr,mx\ mmmf^comi^'^^m 
mmB<7)mkmzmmmifi$> ^t^. tfz^yyv 
yymm^izmm^h ^t^. of dmco^^ -r u rm 

yyv yymm.^i:niE-r^ afc mmm^ii>ti 

x^^^. z<7)AFcm^cr,m^mj:m^im5i,z9jk-t, 

[00 033 05tcioV^T. ryr-f-l 1 SriltT f-j. 



-i-12X'mm!.^^ivrzOFDMm^lt. A/D^ 

mm&isizxij^ti. 9U'y9m^m^mi4x-^ 

^^ixh^yy'^)y^9r3 v9 {mwm.f s) \,z^^r 
. zzx'^=J9Mt^ixrzOF 

DMfi^{iii3S«iBlHlSSl 5\,zX^^ix. n-;<7;Mi# 
" ^iili8& 1 6 til. D-;& i: m.mmm.'t 

hzti>z^'>xm^m.m^ix. ^mm^c^^-y^^'^yv^ 

■ OFDMft-tir^oTOFDMfliSdlS&l 7 liZ^hfl 
I.. ^KOOFDMfXPdlS&l A^J^iX^OFDM 

^(^ixtz7—9m^^m.m\i^f^^hi:><r)X'hh. 
[00043 -:fj. ±MmM$mm^ i 5c7)ai:ti{4j^^ 

SSI 8{4. y9-j^)mmh^iyyir^)vwm 
bcr>imi:m^^x^yy'') yyWiMW^v^mm&<r) 
mmMM^m^v. ^<Dm\mmzm-^\^x9n'y9 

Wmi.zWLLX\.^h, 
[00053 

i o ^mkcOA F C HIKTii, 1 i^y^^fmiiLX:ff- H 

[00063 ±m<Dmm^fmL. ©^^^ 

«lc LX 1 -9-^=^^ A- U riSfiiljLhtr-i-A^t: i 0 JSiSffl'S: 
^aSSc^lilES-lf 3 i: <^T'# S A F C SK^ffitt-r 

[00073 

[00083 ( 1 ) ^A'';r#-t2"#B<o^fA'yr*i 

^n^yhft^) SrfflV'>7t^-vyr^2"'c^OFDM (K 

^mmL-^wi^m) yj^<7)^mm'^- (otofdm^i 
■f-) ^^ftL, ^co^mmm.m^^'^mmmm^iz^ 

ran^fi-t^ n -y ^m^^mmmx'^^tii.-^yy' 

i^^/ufpmmmm^?: x:>-:^/um-^mm^x'^^ti 
?,xD-;^)um^iz^ 'om:^g.mLxmmm:.(o^-y^^< 
>- K o F D Mm^iz^Wi-r^mMmmm^t . zcomm 
x-n^tifzmmm^(^<-:^^<y ho f d Mfi^*>^>«- 
mmm(7>T'-9m^i:mm-rh ofd mwrn^mt sr^i 
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m^-xj<y H o F D Mmmzi5if?>^wiMm(r>mmi. 

M^-rS^i:T\ B!nS'<.->^>'N'><KOFDMfi-f-t::i5{t 
m^lzfiti tTKrlSi? n -/ ft -f-|gSI(fiIS§i7)^SRif jg^ 

nsri^aiL, zeommi^izm\^xnm^-:^j\^m^ 

[0 0 09] (2) ^■\'i;r#^2"#@<Odf-v'UT3&* 
n.y Nfi-f-) S-ffllr^fc^Jf^ yTifc2'" <:0OFDM (it 

-t) srSftL, ^<r)immmm^^'p^mmmmz^ 

mmmmi:^vi'y ^^m^^mm^x-^^^ti^'^ryy' 

i^i^ji"p^mmm^^x:i-A /um^^m\si^x'^^tL 
txj-:^fum^izx 'om:^umLxmmm^(7)^-^^< 
yvoFDummz^m^^m^mmmmt. ^oniss 

mmm(7)y--:ftm-t:mm-t^ ofd Mmmmmt 
tfzOFDM^mmm.i,zm^-^^ti. ^M'timtmni(r> 
mnzm^xm^^ti, mim^mm[B\mx''i%(^tifzm 
mm^co^-x^ N' > H o F D mm^iz-^ ^ ^x f-nf^^^n $ 

x\ mm^^cD'p'mmi.izMLxisMmzjEcommL 

/i-^t. ism^m<7>'p'm^mzMLxmMmzncom 

y^/l':$'t iriHt hy^ Jl^^^mt . HuiEIE7 -f JUi^R 



x/%y ^ )\^9cr>^\i^:h^z-:>\,\X\i-'!^^m&\^X . fsil 
ia'<.— h'OFDMfi-f-lc:t5tt'l>^M3M?S<7)4"Dia 

X'%\i!,^ixhWimm^m.i}^mu-^yy') y^^^-y 

^cr>mmLWMim!,L. zcr>^mscAm\,zm\ixmm 

[00 10] (3) =5f^UT#-f-2n#BO=ifA'Ur*« 
Sl»iO«IiJT'^ii$il?LvsM n-y b^rA-Ur (J^ilT, 
-<n-yhfi-f-) S:ffl^^7'c^^'JT^2"> OOFDM (il 

-^^^^-i—m^t. :i<r)m^x'nt^ixfzri-'o^^ 
m^mm^i-^ o -y ^ «-f-%S[His&-c«$ tL^-r y7- 

•J D -y c J: 0 T^v^yPtf^jijgfi-f-^-^M-r ^ 

y H O. F D MM-f-tc^^-r a3cfSPEIS& i: , C: ^OHISS 
.T'f#<bit^cSfilJ^iO<-xyN*>'KOFDMfi-t*>'o# 
M3M^c07-'-^fi-^^fXp-r?> OFD MmiSlHliiSi: 

«aijicaijr>T«B&$<x, H>iKii3capiiifiSTii'i>ft^ts 

mm^c^'^^'-x/^y H o F D Mfi^(cou-r^A6{Rj^$ 

}gm^w-rl.^^Mo■y h«-f-i;<:offlMfi-^^ai:'3-r^ft 

K^-X^N-y H O F D Mfi-f-tCij {t^#^3ljSi7)j^j^ 

[00111 ( 4 ) ±IE ( 1) ~ ( 3 ) ov^-m*^«o« 

y ^ )\^9mz. Mie^N'-f o -y hft-t^?gtcffi^-r i-T- 
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[00121 ( 5 ) ±ie ( i ) ~ ( 3 ) <7)\^-rtii}^com 

[00 13] 

[0014] *I^B^T'«i. SSL/COF DMfl-^^gfl 

MiJT'iM ^>ixT < I, y nM n -X h J; I, ffiM^fflv ^ . 

«>^T{4. ^aaa:^l6lfcl^lSI:SrftiIl;vNMo-y hi^^^K/t- 
Sr^HJc^ix/cSP (Scattered Pilot) l^^t^mi^tl 

hm^mmmimsiz^^, i^, sp:^5tcoi^T{4. 

e«5®ffi$Bp{7'-f r^*MVol.52, No. 11. pp. 1658-1665 

(1998) TifeJix ^ i^'^yPifeiitCiSft-l. O F D Mv-y^f 

■ti>. :^^m<^mwiii, yu-j^ff^izj^mis^tifzJ-< 
^ o .y hm^^mm lx . mm^mtr^abi, z t tzh 

[00151 immzii\^h s pmmyjwz-^^^x. 
mA-^^m.xmm-h.mA\,zii\^x. 
*j rmm^TjkL. ( b ) n^mo f d mm-^i^miTn 

L . ( c ) {i^NM a -y hft-f-^SrS^ L . ( d ) ii^M 

O F D mm^t^U a >y hd-f-i: offiwm-f-^s^-t. 

[00 16] -r^i?^, (34 (a) <7)j;3tC, ^-vUT 
#-f-2"#Sc7)=Jf-vUTSryNMa-y h^-v'JTi: L, ^ 

n-y hdf+UT (C:ti.SrVNMn«y hfi^t-r-l.) ^fflv^ 

/i^->ryTic2"> c5DOFDMfi-^tt3V->T, l^^i/^' 
ynjmmcr>y^-! o >y hft-i-2: 2 " W^^ht . m tff-^ 

^NMo-yhm-f-^s-r-s.) . 

[0017] Ltiii^-^X. S^^nM o -y hfl-^^T-:^' 

im-r ht. 1 ^^i^yif^/ummz 2 » mtsmmco e- 



im<omim^izx^x^itLti{ms.^7ii-t, 
i:mwiX'W\'ofzi,(D^<mmixh^:^'^. fflwt-^'ffi 

[00181 z<7)ijmx'mjEX'^ hmummmi. 

■SctaiC'Sr-g). y^Mo-y h=ir^UrS:ra?l#. 2" XR 
[00191 ia.T, 0 1 TiSm 2 $r#BgLT*^BJiO^ 
CIlIif&0«*«^(±ia5t^L/c«B£i:l§ltT*)^» 

vxYx\t^^m(r>^u-^tts:h^mLmm^ 
amiss (18) ogi5:ji-(cov^-ciiiBj-r^. 

[002 01 m {4, ll5lc:^b^AFCIlim:*^BH 

^3afflL/cJl-^i^i^jS^C^1^ai[lISSl BiOmSr^^ 

Ur#-f-2n #Sco^A'UrSr-'N°^a>y h^Sf-vUrt 

fc^'NMn-y h^A-UT (C:n2r*:*:>'N°'f D-y hft^is-T 
|)) ^m^^fz^^^JTWi2'^ (T^OFDUm^t-th. 

[00211 lai tcfcv^-c, m^mmmn .( 1 5 ) *»a> 

Oli«?^lcJ:SOFDMfi-^(4IE7-f;P^'IsIS81 8 1 
St/^'it^-fyL-^HIS^l 8 2lctt*^$n-&<. lEy^il^^'m 
SS 1 8 1 tSiE:?' >y 7'f^SCP< ^ 'J 1 8 3 izf-Hb^m^tifz 
^3|sy^M o -y hfi-f-<7)jS?^T-:? m^mM^ 
iXfzOFDMm^tcr)1fQmm^i^ib^i>COX'h^. t 
fz. ft7-f/l^^llIKl 82{4m:5'-y7Wp<^U 184 
izJ'ibmfi^tifzX:^^'^-! n -y hiE^(0^mf-'-i^iA 

:fit. m^tM.m^tLfzoFDMm^t^iMmm^^-^1^ 

^ij<r)Xhh. 

[00221 ZZX\ lE-^ -y 7°fSSC^^ U 183 {ZWlh 

^tihmmi. B,m^m(^^'t>WimLi<zn\^ximmi,z 

iE^O^^^^■r■S«*^^M n«y hm'^<^mv'-9iz 

m^h. ifz. n^-yy'im^'tvi84^zmm^ti 
^ mm±. i^mwi^co^'C^m^mizM Lxmmzn(^ 

[00231 ±IEE7 yl^^mifS 181 ■< IV9 

HIK 1 8 2 (4, mf^WCfill 2(a) (C^f J: 0 F I 

tLtzOFD mm^^MMm'f-D 1 ~D n ( mXU n = 

5) xi^ yy/u^-omm ^mmmijt: ^n^tim 

»l5Ml~Mn-r'll2 (b) {.ZTT^-tiW^^"^^) mUf 
ROM) 1 8 3i/v:m 8 43{)»<oi0^yNM O-y hfi# 

m^r-9\,zn]xiLfz\mtmnL. tm^At^zx 
mm-fhztx\ t^&^mm^^^ti^ zti^zx-^ 

XOFDMm^t&^^Ut3-y hfi-^ttfOfflKfi^^f* 
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tznt. fi7>f;l'^lHlSll8 2{±. iSm^mcr>^'C-mi& 

8 1. 182<:7)ai:;]{4-!-iX'eixt"-^'«iaj[HlSSl 8 5, 
1 S6tc:aI/o:h.|.. :Hxh<^\^—^i!k\iimm\S5. 1 
8 6{i, -eixmA^ttSii/^ffiMft-f-iOb-^ffi^^ai 

5 , 1 8 6«oai:»3{i. -eix-fixJra^llIK 1 8 IRX/WS- 

[0025] tmm^ 1 8 7 {i. 17 -f iv^m^ i s i 
^ffi-rs. M^iHiff^i 8 8«i. ^y^)v^mm 

8 loaj:»]tt7 1 8 2c7)ai^ji: $rMfft--i. 

[0026] in^niK 1 8 7<oai:>3{i. o-;-;?;^;!^ 

mmn 1 8 1 0 J:. 0 -r^^r U ^i?-^ o y ^ co^jS^ 
1 4 \,zmt:>ix. ^yy'V v^^ u-y^ cr>mmmJEi.z 

[0027] ^hf^z^w^tcmmz-^K^xwM-h . 

[0 0 28] t-f. iEy Hi. m-^^U 

o .y h m^co 0 ibBmmi&(r)^'t^m^mznLxii^nm 
\.ziEff)mm^^'rhmm.m!^<7)?f.9 -^rmLt lt 
^•h. %y ^)V9mm&2it. ^yN°-f n-y hft-f-cT) 
a ■hB.w^mc^^'mma.zic^ Lx^nmz%.<rywiTim 

<r>y ^)\^9mm&i. i8 2*»^>ai^)$ix-l.ffllRlfi-^ 

$:A:'3Lfct-i?;^tt5[Hll?Sl 8 5. 1 8 6{±, -eix-fix 

-^m^t-th. Lfzifi-iX. MISS2t=^NMn-y hfi-t 
{0 0 2 9] JEy <)V^^ni SI ^mMLfZiE.<r>^m. 

^l8 9(,ZX-f]^flh, mk^Z. jE7 -f/U^J'SSSl 8 1 



1 8 2 ^mT^Ltz%.<^mwm.^-!rf<7)im\^- 

9m^Ci{i.. WM.^m8Sf<zX^WM-^ix, ^'n«y 
^JaS^^^^SSS 1 8 1 0CA:'3$ill. . 

[0030] x:i'-A)vwimiimm^mi i s 9 1 

-y^mmimmmM^iQ 1 o^, mmm^^nmrn 

'J 7 r 1/ vx{4(i:ft = O^X'h h . 

[003 1 ] n-ijiv^^mmmmn 1 8 9<7)ai:b 
;pft-tf6®li]ii&i 6t:A;'3$i^S. ^mcioT. Sfi 

Lt'c O F D Mfi-^Odr A' U Tm^Wb Sft^grt<On- 

ti^. |5l«^c^n-y^/g^mi^^miiissi 8 1 Ocotii 

Mi. mum CO {WMm%mmm x^^Ltzc^n 

•yi?fi-tllSllIS&14lcA:»3$tt-&« ^ti{zi:^X. ^ 

<7)^yy'v yymm!ibcommi:mjE-thiiLmmmf\^- 

y-i}mm^tih. 

[0032] ±smmz^ i,9mwmiz-:>^^x , 04 s: 

mmLxmm-r^. 

[00 3 3] OF DMm^<7)^m.m^(r)^^ 2'" :$^b-t 
ftl. i:'. 1 ~ 2 - i: ^1. , a -y hfl"^ 

MM o-y hfi-^i: Lx^mim^titzmmm.^^ . 

**2", 2" + i . 2" + 2^ ...^ 2" - " <JOi:#, 0 
4(b) iZ^-tX 0 ^Z 1 qS^i^y ;}<;l^^rat:^N'-f n -y h 

^M-tm^i^miiLcom^i . m^<7)m^y--i^bLx^m 

^Sm^Z^Wt. ^^tL/iOFDMft#*>^>^^•^^.y h 

ft-f-$rttm-r-S7 ^•yPrJ'llIS&l 8 1 . 18 2<7)9-yrm 

m.b txm^^^zbi^z J: 'o. m4 (c ) t^-rioti. 

1 2 " ©MM o -y hm^tmUiX'^ 

^ zzx\ mmmwib^m^m<r)a-:^)\^mim.u 

l)^i:{4. #^^8-1 027 7 l^^fg, tiXV^mm 
W-9-32 1 7 3 3-^^#t:^$ixTV^-g.3it5t:'fcl.. 

L{mmmju-y'i:m^i-?>zbii. 

PLLIl]SSi:|pI«-C'S>l.. 

[ 0 0 3 4 ] y nM a -y hm^commm^O F D Mfi-tO 
fSjI«iSl*10^fiBMa^c02 " 2[s:t= 1 ^OfiJ-^-Cili'btL. 

OFDMft-f-i7)ik^3M^OiS[Sr2™ •'^Ma 

•y hfi^c7)ii^^^^j^-,/cfi^{4. i^W^y^^)V 
«IST'|SItft-f-**2" EliBIOil^tt-l.. L^v:**-^T. 

^■fflWc^i^L, ^im^bmm^w.h:Lb^zx^. m 

4(d) tc^-r J; d 12. 1 -^Wyy^^)i'mm^z 2 " Elffl 
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[0035] Lfzt><^x. ±smmzj: hmmimmm 
ajuiffi 1 8 srfflv A F c niKfrmw? . mmim 

^com^x'$)i,o F D -v 'J rmmco 2 ^ i^tx-miE 

[ 0 0 3 6 ] 1^, o hfi-f-*>'$ (3ra?i3f?»n. 2 
i5it ( 2 - ) xhhii^t^. nmm^isc&m,\ so^ 

-f/l-^lHlS&l 8 1 . 1 82 t L.T{4. S/h#1ji2" 0(7) 
'f'J9)V^V\Li^^y'^(m'&-)ii^X'M.. 12 ( = 2 

2x3) ^^rurtciEiT'S>-5*«. doJ^. «>'^#^a 
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